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Valve Train of an Internal Combustion Engine Comprising at Least One Camshaft 



The invention relates to the valve train of an internal combustion engine comprising at 
least one camshaft as specified in the preamble of claim 1 . 

Mechanical devices which affect the operating cycle of the valve train and, for example, 
make possible a speed-dependent change in the opening times or the lift of the gas exchange 
valves have been disclosed with the aim of improving the thermodynamic properties of internal 
combustion engines. 

Publication DE 42 30 877 discloses such a device, one in which one cam element is 
mounted so as to be non-rotatable and axially displaceable on a base camshaft. The cam element 
consists of a tubular support on which at least one cam is mounted, one from which several 
different cam tracks extend axially from a common base circle. A gas exchange valve is 
actuated by the variously shaped cam tracks as a result of axial displacement of the cam element 
on the base camshaft, the cam tracks being variable with respect to lift configuration and/or 
phase position. 

An advantageous device for axial displacement of a cam element has been disclosed in 
publication EP 0 798 451, which states that a worm drive is configured on both sides of the cam 
element, this worm drive having in the form of a recess a curved track which may be engaged by 
a positioning element for the purpose of axial displacement of the cam element. 
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Publication DE 101 48 243 describes a cam element on which two cams are mounted for 
actuation of two gas exchange valves on the intake side of a cylinder, each of the two valves 
having two curved tracks. 

The invention has the object of providing a valve train with cam elements of an internal 
combustion engine as specified in the preamble of the patent claim, one in which the cam 
element is further developed so that other functions may be performed by the valve train. 

It is claimed for the invention that this object is attained by means of the characteristics 
presented in the characterizing part of claim 1, which specifies that the first cam and the at least 
second cam of a cam element differ in at least one cam track. 

The filling of a combustion chamber can be significantly affected by different cam tracks 
by means of which, for example, the gas exchange valves on the inlet side of a cylinder may be 
actuated at different times. For example, initiation of a tumble flow may be caused. 

In an advantageous development of the invention provision is made such that the first 
cam and the at least second cam of a cam element differ from each other in all cam tracks. 

Provision is made such that the cam tracks of the first cam and the at least second cam of 
a cam element differ from each other in lift configuration and/or phase position. 

The lift configuration of a cam determines the beginning of opening of the gas exchange 
valve, the course of opening of the gas exchange valve, the maximum lift of the gas exchange 
valve, the course of closing of the gas exchange valve, and the closing of the gas exchange valve. 

The phase position determines the angle of rotation of the camshaft at which the 
maximum lift of the lift configuration is positioned. The angle of rotation of the camshaft at 



I 



WO 2005/040562 PCT7EP2004/01 1697 

3 

which the gas exchange valve opens or closes for a given lift configuration is also thereby 
determined. 

The cam tracks may differ in that the maximum lift of the lift configuration of one cam 
configuration describes a cam track outside the lift configuration of the other cam track. 

The gas exchange processes in the combustion chambers of the cylinder may be 
influenced in a number of ways by the valve train of an internal combustion engine as claimed 
for the invention. 

The valve train of an internal combustion engine as claimed for the invention will be 
described in what follows and explained on the basis of an exemplary embodiment, with 
reference to two figures, in which 

FIG. 1 illustrates a cam element having two cams each of which has two cam tracks and 

FIG. 2 the four different cam configurations of the two cams of the cam element. 

A six-cylinder internal combustion engine with two upper camshafts for driving a motor 
vehicle is equipped with a device for regulating the lift and the opening times of the gas 
exchange valves on the intake side. The device consists of six cam packets mounted so as to be 
non-rotatable and axially displaceable on the camshaft actuating the gas exchange valves on the 
intake side. Each cam packet is associated specifically with one cylinder, each cylinder of the 
internal combustion engine having two gas exchange valves on the intake side. Two cams are 
accordingly configured on the cam element, each cam actuating a gas exchange valve on the 
intake side. 
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A respective worm drive in which a curved track in the form of a recess is formed on 
both sides of the cam elements for the purpose of axial displacement. The curved tracks of the 
two worm drives of a cam element are configured to be mirror images of each other, so that the 
cam element may be displaced axially in both directions. 

Axial displacement of the cam elements is effected by positioning elements mounted 
radially in relation to the camshaft. The positioning elements are in the form of electromagnetic 
valves and each consists of an actuating pin and two electromagnets. The positioning elements 
are rigidly connected to the cylinder head of the internal combustion engine. The actuating pin 
may be extended and retracted by the electromagnets. When in the extended position the 
actuating pin is engaged in the recess forming the curved track of a worm drive, the cam element 
being displaced axially by rotation of the camshaft during operation of the internal combustion 
engine. 

The connection between the camshaft and the cam element permitting torsional strength 
accompanied by axial displaceability consists of gearing configured on the camshaft as external 
gearing and in the cam element as interior gearing. The gearing is in the form of multiple 
gearing. 

Each of the two cams of a cam element has two cam track, one cam track for small lift of 
the gas exchange valve and one cam track for large lift of the gas exchange valve. The cam track 
with the small lift is engaged at engine speeds below 2500 revolutions per minute and the cam 
track with the large lift is engaged at engine speeds below 2500 revolutions per minute. 

FIG. 1 presents a diagram of a first cam 4 and a second cam 5, the two cams 4, 5 each 
having two cam tracks 4.1, 4.2, 5.1, 5.2. A respective worm drive 2, 3 is configured on both 
faces of the cam element 1 . Each of the worm drives 2, 3 has a curved track 2. 1 , 3 . 1 in which the 
positioning elements for displacement of the cam element 1 are engaged. 
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The two cam tracks 4.1, 5.2 with small lift and the two cam tracks 4.2, 5.2 with large lift 
are not fully identical in design. 

FIG. 2 shows the four different lift configurations of the two cams 4, 5 of the cam 
element 1, each having two cam tracks 4.1, 4.2, 5.1, 5.2. Of the two cam tracks 4.1, 5.1 having 
small cam lift, cam track 5.1 has a lift configuration by means of which the gas exchange valve is 
opened at an earlier camshaft rotation angle. In addition, the maximum cam lift of cam track 5.1 
is slightly higher than the cam lift of cam track 4.1. Closing of the gas exchange valve takes 
place slightly earlier with cam track 5.1 than with cam track 4.1. This configuration of the cam 
tracks 4.1, 5.1 having the small cam lift greatly promotes development of a tumble flow 
supporting lean operation. 

Of the two cam tracks 4.2, 5.2 exhibiting large cam lift, cam track 5.2 has a lift 
configuration whereby the gas exchange valve is opened at an earlier camshaft rotation angle. 
The maximum cam lift of cam track 4.2 is slightly smaller than the cam lift of cam track 5.2. 
Closing of the gas exchange valve takes place slightly earlier with cam track 4.2 than with cam 
track 5.2. This configuration has been found in development to be advantageous for filling the 
cylinders with fresh air at engine speeds above 2500 revolutions per minute. 

The maximum lift of the lift configuration of the cams 4, 5 shown in FIGS. 1 and 2 
always falls within the lift configuration of the other cam track. Generally speaking, the tracks 
of a cam may be differentiated in configuration so that the maximum lift of the lift configuration 
of one cam track is configured outside the lift configuration of the other cam track. 

The thermodynamic advantages of the axially displaceable cam elements may be further 
optimized by the valve train of the internal combustion engine claimed for the invention with 
cam elements having four different cam tracks. 
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